IMPORTANCE Levels of proprotein convertase subtilisin kexin type 9 (PCSK9) vary markedly across the population and are influenced by genetic and nongenetic factors. Evolocumab is a fully human, monoclonal antibody against PCSK9 that reduces low-density lipoprotein cholesterol (LDL-C) levels by 55% to 75%. Whether the efficacy of evolocumab varies based on an individual's baseline PCSK9 level remains unknown.
Evolocumab is a fully human, monoclonal antibody against PCSK9 that reduces LDL-C level between 55% to 75% in patients with hypercholesterolemia. 4, 5 It was approved by the US Food and Drug Administration in 2015 based on its LDL-C level lowering, while a cardiovascular outcomes trial is under way.
Whether the efficacy of evolocumab varies based on an individual's baseline PCSK9 level, and hence whether assessment of these levels could identify individuals who may derive greater benefit, remains unknown. Accordingly, we sought to characterize variability in PCSK9 levels and then determine whether the LDL-C level reduction observed with evolocumab differs based on PCSK9 levels.
Methods
We pooled data from 3016 patients from 4 phase 3 randomized clinical trials of evolocumab as part of the Program to Reduce LDL-C and Cardiovascular Outcomes Following Inhibition of PCSK9 in Different Populations. [6] [7] [8] [9] The protocols of each trial were approved by the relevant institutional review board for each participating site and patients participated in the trials after providing informed consent as detailed in the primary publications of those trials. As part of the protocol for those trials, circulating PCSK9 levels were measured at baseline using quantitative enzyme-linked immunosorbent assays and used to stratify patients into quartiles. 10 In brief, the lower limit of quantification of the assay is 15.0 ng/mL and the upper limit of quantification is 1200 ng/mL. The coefficient of variation is less than 20%. Baseline demographic, clinical, and background statin therapy was compared across groups using the Kruskal-Wallis tests for continuous variables and χ 2 tests for categorical variables. The LDL-C level was measured at baseline and weeks 10 and 12 using the Friedewald equation unless the LDL-C level was 40 mg/dL or less (to convert to millimoles per liter, multiply by 0.0259) or triglyceride level was 400 mg/dL or greater (to convert to millimoles per liter, multiply by 0.0113), in which case it was measured by ultracentrifugation. The primary end point for this analysis, the placebo-controlled percentage change in LDL-C level, was determined for evolocumab, 140 mg every 2 weeks and 420 mg once monthly, the 2 doses approved for use, across quartiles of baseline PCSK9 level. Spearman correlation coefficients were calculated for PCSK9 and LDL-C levels at baseline as well as for the change in PCSK9 level and the change in LDL-C level at week 10. In an additional 138 patients enrolled in pharmacokinetic and pharmacodynamic substudies that were part of 4 phase 2 trials, circulating PCSK9 levels were measured at baseline and then weekly at weeks 8 through 12 for evolocumab, 140 mg every 2 weeks and 420 mg once monthly.
4,11-13
Both 95% CIs and P values were 2-sided and a significance level of less than .05 was adopted.
Results
The median baseline circulating PCSK9 level was 323 ng/mL (minimum, 0; 25th percentile, 258; 75th percentile, 406; and maximum, 964 ng/mL) (eFigure 1 in the Supplement). Baseline characteristics across quartiles of PCSK9 level are shown in the Table. As expected, patients with higher levels of PCSK9 were more likely to be receiving intensive statin therapy (56%, 36%, 25%, and 13% in the fourth through first quartiles; P < .001) and had significantly lower baseline LDL-C levels (123 mg/dL, 124 mg/dL, 128 mg/dL, and 137 mg/dL in the fourth through first quartiles; P < .001). However, after stratifying by statin use, there was no correlation between PCSK9 and LDL-C levels (ρ = 0.03 [95% CI, −0.04 to 0.10] for nonstatin users, P = .39, and ρ = 0.03 [95% CI, −0.01 to 0.08] for statin users; P = .12) (eFigure 2 in the Supplement).
In patients who participated in the pharmacokinetic and pharmacodynamics substudies, evolocumab, 140 mg every 2 weeks, decreased PCSK9 levels by more than 90% to approximately 50 ng/mL 1 week after dosing ( Figure 1A ). Evolocumab, 420 mg once monthly, rendered PCSK9 levels undetectable 1 week after dosing and levels remained reduced by more than 90% at 2 weeks ( Figure 1B ). The PCSK9 levels started to return to baseline more rapidly after the 140-mg dose than with the 420-mg dose. Every 2-week dosing of the former kept peak PCSK9 levels at approximately one-quarter of baseline (approximately 100-125 ng/mL) ( Figure 1A ). For 420 mg once monthly, PCSK9 levels remained low (approximately 150 ng/mL) 3 weeks after dose and, by 4 weeks, were still reduced by approximately half ( Figure 1B ). The LDL-C level changes followed after PCSK9 level changes (Figure 1) .
Across all quartiles of baseline PCSK9 levels, both evolocumab 140 mg every 2 weeks and 420 mg once monthly suppressed circulating PCSK9 levels within 1 week of administration by 90% to 100% (Figure 2A and B) . Both evolocumab 140 mg every 2 weeks and 420 mg once monthly were associated with significant reductions in LDL-C levels between 64% and 71% (P < .001), regardless of baseline PCSK9 levels (P for interaction = .76 and .21, respectively) Our analysis of baseline PCSK9 levels and LDL-C level reductions with evolocumab demonstrates that despite marked variation in baseline PCSK9 levels, evolocumab 140 mg every 2 weeks and 420 mg once monthly suppressed PCSK9 levels by at least 90% within 1 week of administration and significantly and consistently reduced LDL-C levels by approximately 65%.
We observed substantial variation in baseline PCSK9 levels consistent with prior studies noting that PCSK9 expression is affected by genetics, demographics, and statin therapy.
1-3 While we found that patients with higher levels of baseline PCSK9 tended to be receiving high-intensity statin therapy and have lower levels of baseline LDL-C, after stratifying by statin use, there was no correlation between PCSK9 and LDL-C levels at baseline. There was no meaningful correlation between change in PCSK9 level and percentage change in LDL-C level. The relationship between PCSK9 level and LDL-C level reduction is likely tied to the steadystate expression of the LDL receptor and how much LDL receptor reserve is present to be brought to the hepatocyte surface when PCSK9 is fully suppressed. In prior studies of patients with familial and nonfamilial hypercholesterolemia, as well as patients intolerant to statin therapy, evolocumab has been shown to significantly reduce LDL-C levels.
4,5,11-13 In post hoc analyses of patients who successfully completed a phase 2 or 3 clinical trial and were enrolled in a long-term extension study, evolocumab, as compared with placebo, was associated with a 53% reduction in the rate of major adverse cardiovascular events. 14 Large cardiovascular outcomes trials to definitively assess the efficacy and safety of PCSK9 inhibition are under way for evolocumab and for alirocumab. 15,16, Given the mechanism of action of evolocumab and the variation in PCSK9 levels in the population, we tested whether there was heterogeneity in LDL-C reduction with evolocumab across quartiles of baseline PCSK9 level. Such a finding would have supported "biomarker-guided" therapy, tailoring therapy based on PCSK9 levels. Our results, however, demonstrate that evolocumab 140 mg every 2 weeks (17) 54 (16) 53 (16) 54 (17) .59
Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PCSK9, proprotein convertase subtilisin kexin type.
SI conversion factor: to convert high-and low-density lipoprotein cholesterol to millimoles per liter, multiply by 0.0259.
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Association of Circulating PCSK9 Levels and Evolocumab Efficacy and 420 mg once monthly, the 2 doses being studied in the ongoing large cardiovascular outcomes trial, suppress PCSK9 levels over the interdose interval and lead to substantial and consistent reductions in LDL-C levels regardless of baseline PCSK9 levels. These data, taken together with previous data demonstrating similar LDL-C level reduction regardless of background lipid-lowering therapy and across clinical and sociodemographic subgroups, suggest that both doses of evolocumab will be associated with consistent LDL-C percentage reduction. 4,5,11-13 Thus, instead of looking to biomarkers or clinical subgroups as a mechanism to selectively apply PCSK9 inhibition, clinicians may best apply therapy cognizant of the fact that the absolute reduction in LDL-C level is associated with relative reductions in cardiovascular events and absolute reductions in cardiovascular events are contingent on the underlying risk.
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